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Background: Cardiac catheter-based interventions require real-time (RT) imaging of 3D relationships. Projection X-ray fluoroscopy depicts soft 
tissue poorly. MRI has superior tissue imaging but RT-MRI guided interventions suffers a lack of suitable devices. RT-3D ultrasound (US) alone offers 
a narrow sector width providing little anatomic context. Merging MRI with RT-3D US may offer high quality, fully motion compensated images to guide 
interventions.
Methods: A live RT-3D US - MRI - Electromagnetic (EM) catheter tracking fusion system was developed by our group. Ultrasound stream (iE33, 
Philips) was registered to pre-acquired MRI images (GE Scanner) in a swine model of myocardial infarction. MRI image sets were registered to the 
EM system (NDI Aurora) coordinates using skin fiducials. The US and EM coordinate systems were registered via an EM tracked sensor affixed to a 
3D TEE probe. Registration was performed using anatomic feature matching. A catheter was manipulated in the heart by a cardiologist.
Results: The EM tracked catheter was easily visualized with registered MRI and 3D US. Live 3D US permitted adequate motion compensation 
during free-breathing in vivo catheter manipulation. Qualitatively, the best display was the MRI image overlaid with EM tracked catheter only, with 
live 3D US images suppressed.
Conclusion: Fused RT-3D US, MRI and EM tracking is demonstrated. Applications for this technology include transendocardial cell therapy, 
arrhythmia ablation and transcatheter valve repair.
